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Identifying drought tolerant genotypes is very important for increasing corn yield. Thus four simple corn hybrids 
were submitted to periods of water shortage, at three phenological stages of the crop, to discriminate for drought 
tolerance by principal components analysis and identify their main differentiating characteristics under limited 
water conditions. Assessments were made of the leaf water potential, gas exchange, photochemical activity, grain 
yield and total dry matter. Analysis of variance was carried out and the mean values were compared by the Tukey 
test at 5% probability. Water shortage at the three phenological stages of the corn crop reduced the leaf water 
potential (Ψw), stomata conductance (gs), photosynthesis (Ai), transpiration (Ei), potential quantum efficiency of the 
PSII (Fv/Fm), apparent rate of electron transport (ETR), photochemical dissipation coefficient (qP) and increased 
the non-photochemical dissipation coefficient (NPQ), mainly when there was drought at the vegetative and flower-
ing stages. The data obtained for grain yield (GY) showed that the TOL1 hybrid was outstanding for drought toler-
ance at all the phenological stages of the crop, while the SENS1 hybrid demonstrated greatest sensitivity to water 
shortage, proving the pattern of tolerance and sensitivity of these respective hybrids to drought. The result of the 
principal components analysis showed that the corn hybrids could be separated into diversity groups for irrigation 
treatment at the vegetative stage, and that integrated photosynthesis (Ai) was considered the best characteristic 
to discriminate the irrigation treatments and hybrids when submitted to water shortage at this phenological stage 
of the crop. 
Abstract
Introduction
Modern agriculture faces great, new challenges 
for food production for a constantly growing popula-
tion. One of these challenges is the sustainable use 
of water in field irrigation management because fore-
casts indicate that due to climatic changes, some re-
gions will have less rainfall that will bring about the 
need to obtain water use efficient cultivars (Borém 
and Ramalho, 2011).  
In this scenario, genetic breeding can contribute 
to mitigate food scarcity and endeavor to reduce 
waste of potable water used in irrigation by develop-
ing new cultivars tolerant to adverse irrigation condi-
tions. 
Whenever water availability is limiting to growth 
and plant development, the metabolism, biomass, 
photosynthesis rate and other factors that affect grain 
yield are damaged (Passioura, 2007). Therefore iden-
tifying or developing and using tolerant genotypes 
are efficient strategies to increase yield and reduce 
production risks in areas subject to constant periods 
of water shortage (Shiri et al, 2010).
However, drought tolerance is a complex charac-
teristic. Some plants can withstand water shortage 
using different mechanisms that involve morphologi-
cal adaptations that allow the plants survive and pro-
duce satisfactorily (Xoconostle-Cazares et al, 2010). 
Thus, different characteristics have been suggested 
as selection criteria to improve tolerance levels to 
drought.
Many plant species respond differently in terms of 
ability to deal with drought (Silva et al, 2011). In plants 
considered sensitive, the physiological processes 
are affected because tissue hydration is reduced. In 
these so-called tolerant plants, the physiological and 
metabolic properties are maintained by the ability of 
the tissues to remain hydrated under water shortage 
conditions (Bartels and Sunkar, 2005).
 Most of the areas planted with corn have con-
straints to plant development and diverse levels of 
water shortage occur during crop development.  The 
impact of drought on food prices threatens food safe-
ty in the locations where corn is a basic food in the 
diet of the population. The most recent report from 
the American Agriculture Department (USDA) shows 
that the situation of this crop in the so-called Corn 
Belt, in the midwest of the USA, is critical because 
more than 1.3 thousand counties have already de-
clared an emergency situation due to adverse irriga-
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tion conditions. The prolonged impact of the drought 
period in the USA will cause a 3-4% increase in food 
prices in the supermarkets in the next year compared 
to the levels of 2012 (USDA, 2012). 
Thus the choice of genotypes adapted to adverse 
irrigation conditions becomes an important stage in 
plant breeding programs and it is necessary to iden-
tify the most promising when in a situation of drought 
tolerance in the field (Pavan, 2005). Drought-tolerant 
genotypes can be identified by analyzing physiologi-
cal characteristics helping genetic breeding (Noguei-
ra et al, 2001), searching to understand the traits 
that optimize growth and confer greater tolerance to 
drought (Pita et al, 2005).
However, there is not a single parameter that 
alone can indicate drought tolerance, and the ideal is 
to assess parameters that can be measured at differ-
ent stages of the crop, in the greenhouse and in field 
experiments (Pimentel and Rossielo, 1995). Selecting 
a drought-tolerant corn genotype with high grain yield 
would be most efficient if the attributes that provide 
these features under limited water conditions could 
be identified and used as selection criteria (Durães, 
1997). 
Since several physiological characteristics may 
need be assessed, a statistical methodology should 
be used to indicate the traits that most discriminate 
the genotype under drought tolerance conditions 
(Shiri et al, 2010). The principal components analysis 
(PCA) is a multivariate statistics technique that allows 
analysis among several quantitative variables, mea-
sured in many treatments (Bailey, 1974). This analysis 
involves mathematically the transformation or reduc-
tion of a number of variables correlated with a smaller 
number of non-correlated variables. The principal 
components analysis has been widely used in plant 
research to reduce variables and group genotypes.
Therefore, the objectives of the present study 
were to characterize the response of four contrasting 
corn hybrids to drought tolerance, submitted to water 
shortage at three phenological stages and to inter-
pret the data with multivariate statistics to identify the 
main traits that differentiate the hybrids under limited 
water conditions and prove the pattern of drought tol-
erance and sensitivity.
Materials and Methods
Plant material
Four simple corn hybrids were sown directly on 
soil in a greenhouse in April 2011. The experiment 
was carried out at the Fazenda Santa Elisa Experi-
mental Center – Campinas Agronomic Institute (IAC), 
in Campinas, São Paulo, Brazil. The hybrids used in 
the study were DAS2B707 and DAS2B710, consid-
ered drought tolerant, due to good performance and 
yield when submitted to water shortage conditions; 
and two commercial hybrids that were considered 
sensitive when the results were analyzed of regional 
corn trials for assessment and VCU (cropping and 
 
TOL1 TOL2 SENS1 SENS2
-1,2
-1,0
-0,8
-0,6
-0,4
-0,2
0,0
(B)
bB
aA aB
aB
aA
bA
abAabA
Le
af
 w
at
er
 p
ot
en
tia
l (
M
Pa
)
TOL1 TOL2 SENS1 SENS2
-1,2
-1,0
-0,8
-0,6
-0,4
-0,2
0,0
(C)
bB
aAabAaA
aA
aA
aA
Le
af
 w
at
er
 p
ot
en
tia
l (
M
Pa
)
TOL1 TOL2 SENS1 SENS2
0,00
0,05
0,10
0,15
0,20
0,25
0,30
(D)
 control
 drought
abA
bcA
aA
cA
aB
aB
aB
aB
gs
 (m
m
ol
 m
-2
s-1
)
Maize hybrids
TOL1 TOL2 SENS1 SENS2
0,00
0,05
0,10
0,15
0,20
0,25
0,30
(E)
bA
abA
abA
aA
aB
aB
aB
aB
gs
 (m
m
ol
 m
-2
s-1
)
Maize hybrids
TOL1 TOL2 SENS1 SENS2
0,00
0,05
0,10
0,15
0,20
0,25
0,30
(F)
aB
bBbB
aA
aA
aA
aA
gs
 (m
m
ol 
m
-2
s-1
)
Maize hybrids
TOL1 TOL2 SENS1 SENS2
-1,2
-1,0
-0,8
-0,6
-0,4
-0,2
0,0
(A)
bBbB
bB
aB
aAaAaAaA
Le
af
 w
at
er
 p
ot
en
tia
l (
M
Pa
)
Figure 1 - The mean leaf water potential (Ψw) and stomata 
conductance (gs) assessed on the day of maximum water 
shortage at the vegetative, flowering and grain swelling 
stage. Means with lowercase letters in the graph differ by 
the Tukey test (P<0.05) for genotype and means with up-
percase letters differ by the Tukey test (P<0.05) for irrigation 
treatments.
use value) purposes in the state of São Paulo.
The hybrids were called TOL1, TOL2, SENS1 and 
SENS2, respectively, for tolerance and sensitivity to 
drought.
Growing conditions
Drip irrigation was used (3.75 L h-1) with nozzles 
spaced at 0.5 m. Irrigation was applied when the soil 
water potential was around -0.10 MPa, except during 
the periods of low water availability in the soil. Wa-
ter potential was monitored by tensiometers placed 
in the experimental plots. Water shortage was im-
posed by withholding water at three phenological 
plant stages: when the plants presented five com-
pletely opened leaves (V5); at flowering when 50% 
of the plants presented style-stigma (R1); grain swell-
ing when the corn ears presented grains with a milky 
appearance (R3). In the control treatment, the plants 
were irrigated during the whole cycle of the crop.
The plants under to drought were rehydrated 
when they presented visual symptoms of accentu-
ated wilting in the early morning. The water was with-
held for 40 days at V5, 75 days at R1 and 52 days at 
the R3 stage.
Leaf Water Retention
The leaf water potential (Ψw) was measured with 
a pressure chamber, model 3005 (SoilMoisture, USA) 
on leaves of the plants in the plots submitted to the 
four water regimens. The measurements were taken 
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in the early morning (5:20 AM) on the days of maxi-
mum water shortage. 
Gas exchanges and photochemical activity
The leaf gas exchanges were assessed with an 
infrared radiation gas analyzer model Li-6400F (Licor, 
USA). The variables studied were: stomata conduc-
tance (gs), photosynthesis (A) and transpiration (E). 
Fluorescence emission from chlorophyll a was 
measured with a modulated fluorometer (6400-40 
LCF) coupled to the Li-6400F. The leaves were previ-
ously adapted to the dark for 30 min to determine 
minimum fluorescence in tissues adapted to the dark 
(Fo), then a pulse of saturating light (λ = 630 nm, Q 
~ 6000 μmol m-2 s-1, 0.8 s) was applied to determine 
the maximum fluorescence in tissues adapted to the 
dark (Fm). 
The fluorescence in the dark (Fv = Fm-Fo) variable 
was calculated from the Fo and Fm, and then the po-
tential quantum efficiency of photosystem II (Fv/Fm) 
was determined. Instantaneous (Fs) and maximum 
(Fm’) fluorescence in tissues adapted to luminosity 
were also assessed by the saturation pulse method. 
The minimum fluorescence in tissues adapted to lu-
minosity (Fo’) was assessed after exciting photosys-
tem I with distant red radiation (λ = 740 nm, Q ~ 5 
μmol m-2 s-1, 2.0 s). The following were also assessed: 
the coefficients of photochemical extinction [qP = 
(Fm’-Fs)/(Fm’-Fo’)] and non-photochemical [NPQ = 
(Fm-Fm’)/Fm’] extinction of the fluorescence and ap-
parent electron transport [ETR = Qx∆F/Fm’x0.5x0.84] 
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Figure 2 - Mean integrated photosynthesis (Ai) and integrat-
ed transpiration (Ei) assessed on the day of maximum wa-
ter shortage at the vegetative, flowering and grain swelling 
stage. Means with lowercase letters in the graph differ by 
the Tukey test (P<0.05) for genotype and means with upper-
case letters differ by the Tukey test (P<0.05) for irrigation.
(Rohacek, 2002). In the ETR calculation it was taken 
that the leaf absorbed 0.84 Q (Demmig and Björk-
man, 1987) and that there was identical energy parti-
tion between the first systems, i.e., 0.5. 
The photosynthesis (A) and transpiration (E) data 
were integrated during the assessment day at the 
three phenological stages of the crop. These mea-
surements were taken at 8:30 AM, 10 AM, 1:30 PM, 
and 4:30 PM, while the other physiological traits were 
assessed at the time of high atmospheric demand 
(1:30 PM) on the day of maximum water shortage at 
the three phenological stages studied. 
Biometric assessments
At 160 days after planting, the grain yield (GY) 
and plant total dry matter (TDM) were assessed. The 
GY was assessed after shucking the ears from seven 
plants in each plot. The TDM value was determined 
after weighing the leaf, stem and ear fractions of 
seven plants per plot. The fractions were collected 
and dehydrated in a forced air circulation chamber at 
60°C to obtain constant dry matter.
The values of the biometric variables of the hy-
brids submitted to drought were converted to the 
relative tolerance value (RTV), where the values of 
each characteristic assessed under water shortage 
were divided by the values of the irrigated condition 
(Souza et al, 2011).
Experimental design and data analysis
A split plots design was used with three replica-
tions. The plots consisted of the four water regimens 
(control, drought in vegetative stage, drought in flow-
ering stage and drought in grain swelling stage), while 
the subplots consisted of the four hybrids (TOL1, 
TOL2, SENS1 and SENS2). Data from each of the 
four watering regimens was averaged and compared 
to the control treatment, giving two levels of irrigation, 
drought and well watered. The data were submitted 
to analysis of variance (ANOVA) and the mean of the 
values (n = 3) compared by the Tukey test (p ≤ 0.05) 
when there was significant difference. 
Principal components analysis (PCA) was carried 
out with the first two principal components account-
ing for over 80% of the total variability. The principal 
components analysis was performed according to 
Cruz and Regazzi (1994), using the GENES program 
(Cruz, 2007).
Results and Discussion
The leaf water potential (Ψw) is one of the traits 
most used to measure water shortage intensity in 
plants (Flexas et al, 2004) and when it is assessed in 
the early morning it shows the water condition of the 
plant in balance with the soil (Bergonci et al, 2000). 
Generally, the Ψw was reduced because watering 
was suspended at all the phenological stages as-
sessed, so that it could be inferred that this trait is a 
good indicator of water shortage. A similar result was 
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reported by Bergonci et al (2000) who assessed the 
Ψw in corn hybrids submitted to three irrigation levels 
and reported that the Ψw in the non-irrigated plants 
were lower than in the irrigated plants. 
Absence of irrigation affected the hybrids differ-
ently, with Ψw ranging from -0.30 (TOL1) to -0.99 
MPa (TOL2); from -0.28 (TOL2) to -0.60 MPa (SENS2) 
and from -0.23 (TOL1) to -0.40 MPa (SENS2), respec-
tively at the vegetative stage (Figure 1A), flowering 
(Figure 1B) and grain swelling (Figure 1C) stages. The 
SENS2 hybrid presented low Ψw values after water 
shortage in all the phenological stages assessed 
while the TOL1 hybrid presented the highest Ψw 
values when there was drought in the phenological 
stages assessed. The high Ψw value observed in the 
TOL1 hybrid under water shortage was related to par-
tial stomata closure. Furthermore, the better hydra-
tion of this hybrid was certainly associated to some 
other characteristic, such as increase in root density 
and depth that ensured greater soil exploitation. 
Analysis of the effect of water shortage showed 
that when available water was restricted in the soil 
at the three development stages there was a fall in 
the stomata conductance values (gs) in all the hybrids 
(Figure 1D-F). This result showed that under severe 
stress one of the first responses of these hybrids was 
stomata closure to minimize water loss and also re-
duce the net photosynthesis rate (Flexas et al, 2004; 
Larcher, 2004). Control of stomata opening and clos-
ing is essential to regulate the balance between wa-
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Figure 3 - The mean potential quantum efficiency values of 
PSII (Fv/Fm) and the apparent electron transport rate (ETR) 
assessed on the day of maximum water shortage at the veg-
etative, flowering and grain swelling stage. Means with low-
ercase letters in the graph differ by the Tukey test (P<0.05) 
for genotype and means with uppercase letters differ by the 
Tukey test (P<0.05) for irrigation.
ter loss through transpiration (E) and CO2 assimila-
tion (A) by the plant (Pimentel, 2004). Indeed, in the 
present study, the water shortage imposed implied 
gs reduction and consequently it reduced Ei and Ai 
in all the hybrids compared with the plants that were 
kept irrigated. Significant difference was not detected 
among the hybrids used under drought conditions in 
the vegetative and flowering stages. The TOL1 and 
SENS2 hybrids presented greater reductions in gs 
at the grain swelling stage. The SENS1 hybrid pre-
sented the greatest gs when submitted to drought at 
this stage, that consequently led to greater photosyn-
thesis and respiration under the same condition. De-
crease in stomata conductance and photosynthesis 
were also observed by Xu et al (2009) in a Chinese 
corn variety and by Ghannoum et al (2003) in four dif-
ferent grass species under water shortage. 
When the plants were submitted to adverse irriga-
tion systems in the vegetative stage, the TOL2 hybrid 
presented greater reduction in integrated photosyn-
thesis (Ai) (Figure 2A). At the flowering stage signifi-
cant difference was not detected among the hybrids 
under drought conditions, there was only significant 
difference between irrigation treatments (Figure 2B). 
The TOL2 hybrid after 52 days without irrigation at 
the grain swelling stage no longer presented green 
leaves, so only the results of the physiological vari-
ables of this hybrid and its irrigated conditions are 
presented (Figure 2C). Generally, the drought periods 
at the vegetative and flowering stages were the most 
critical for the hybrids assessed for photosynthesis. 
Water shortages in the plants at the vegetative 
and flowering stages reduced the Ei values (Figure 2D 
and E, respectively). However, at these stages signifi-
cant differences were not observed among hybrids. 
Nevertheless there was significant difference among 
the water regimens. Water shortage in the grain swell-
ing stage caused stomata closure in the TOL1 and 
SENS2 hybrids (Figure 2F). This tendency coincided 
with the reductions in the stomata conductance (gs) 
observed over the experimental period, showing dif-
ferences among the hybrids assessed. The direct 
relation between transpiration and stomata conduc-
tance was expected, bearing in mind the decrease in 
the water vapor flow to the atmosphere and conse-
quently in transpiration, as these stomata closed. For 
corn, stomata can close within a leaf water potential 
range of -1.7 and -2.0 MPa (Bergonci and Pereira, 
2002). However, Bergonci et al (2000) observed de-
crease in stomata conductance in corn when the leaf 
water potential reached -1.5 MPa.
The Fv/Fm variable is an estimate of the maxi-
mum quantum efficiency of the photochemical activ-
ity of photosystem II, when all the PSII reaction cen-
ters are open (Baker and Rosenqvst, 2004). This ratio 
has frequently been used to detect disturbance in the 
photosynthesis system caused by environmental and 
biotic stress, because its reduction indicates photo-
chemical activity inhibition with probable damage to 
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CO2 assimilation. 
When water shortage was imposed at the vegeta-
tive stage, no significant differences were observed 
among the hybrids or irrigation treatments (Figure 3A). 
This capacity to maintain similar Fv/Fm values under 
water shortage in relation to the control treatment 
indicated the high resistance of the photochemical 
activity under limiting conditions (Silva et al, 2007). 
When water shortage occurred at the flowering stage 
the Fv/Fm value decreased in all the hybrids, showing 
that suspending irrigation damaged the PSII function, 
causing damage to the thylakoid structure caused 
by stress (Glynn et al, 2003). The SENS1 hybrid was 
most affected by water shortage when the Fv/Fm was 
considered (Figure 3B). Drought at grain swelling also 
caused significant differences among the hybrids 
assessed, and SENS1 obtained the greatest Fv/Fm 
compared to the other hybrids assessed (Figure 3C).
In most of the hybrids, the apparent electron 
transport rate (ETR) was affected by water shortage 
at the three phenological stages of the crop (Figure 
3D-F), except for SENS1 during water shortage at 
the grain swelling stage, that presented the highest 
ETR value compared to the other hybrids assessed, 
regardless of the water conditions (Figure 3F). This 
reduction in ETR due to water shortage indicated that 
stress inhibited electron transport in photosystem II, 
damaging the carbon metabolism in these hybrids. 
Water shortage reduced the photochemical ex-
tinction coefficient (qP) in function of the reduction 
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Figure 4 - Mean photochemical dissipation coefficient (qP) 
and non-photochemical dissipation coefficient (NPQ) as-
sessed on the day of maximum water shortage at the veg-
etative, flowering and grain swelling stage. Means with low-
ercase letters in the graph differ by the Tukey test (P<0.05) 
for genotype and means with uppercase letters differ by the 
Tukey test (P<0.05) for irrigation.
in electrons exported from PSII, because enzymes 
involved in the carbon metabolism and the stomata 
opening were inactivated. This variable represents 
the proportion of energy of the photons captured by 
the PSII reaction centers opened and dissipated by 
electron transport (Juneau et al, 2005), reflecting the 
degree of oxidation and reduction in the PSII primary 
quinone electron acceptor (QA). Absence of irrigation 
at the vegetative stage showed that TOL1 presented 
greater qP compared to the other hybrids (Figure 4A). 
There was no significant difference in this variable 
when the plants were submitted to water shortage 
at the flowering stage (Figure 4B), while at the grain 
swelling stage SENS1 was the only hybrid that did 
not show reduction in qP due to water shortage (Fig-
ure 4C). 
Generally, water shortage increased non-photo-
chemical extinction (NPQ) at the vegetative (Figure 
4D) and flowering stages (Figure 4E), increasing the 
proportion of energy used to generate the transthyla-
koidal proton gradient (Baker and Rosenqvst, 2004). 
This increase in NPQ indicated that these plants dis-
sipated more of the luminous energy absorbed by 
heat formation in the PSII in detriment to the photo-
chemical activity, that is, chemical energy production 
in the form of ATP and NADPH, a process considered 
to be photoprotective. There was no significant dif-
ference in plants under water shortage at the grain 
swelling stage among the hybrids and among the ir-
rigation regimens (Figure 4F). 
 Corn is extremely sensitive and yield decreases if 
drought occurs at the reproductive stage as a result 
of physiological processes linked to zygote forma-
tion and the start of grain swelling (Zinselmeier et al, 
1995). However, periods of drought at the reproduc-
tive stage did not affect the yield of the TOL1 and 
TOL2 hybrids considered tolerant to water shortage 
regarding grain swelling nor yield of the SENS2 hy-
brid, considered sensitive to drought. The three hy-
brids were outstanding for RTV for grain yields (GY) 
in practically all the phenological stages of the crop 
(Figure 5A). The SENS1 hybrid productivity was dam-
aged when it was submitted to drought at the vegeta-
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Figure 5 - Mean of the relative tolerance value (RTV) of 
grain yield (GY) and total dry matter (TDM) assessed on the 
day of maximum water shortage at the vegetative, flower-
ing and grain swelling stage. Means with lowercase letters 
in the graph differ by the Tukey test (P<0.05) for genotype 
and means with uppercase letters differ by the Tukey test 
(P<0.05) for irrigation.
59 ~ 72-79
de Souza Guimarães et al 77
Maydica electronic publication - 2014
tive and flowering stages of the crop.
There were no significant differences among the 
hybrids at the grain swelling stage when irrigation 
was suspended, indicating that in the present study, 
this stage was not considered critical for the produc-
tivity of these hybrids. 
There was significant difference among the hy-
brids for total dry matter (TDM ) only when there was 
water shortage at the flowering stage, and the SENS1 
hybrid suffered most with water shortage at this stage 
(Figure 5B). 
Generally, the four hybrids assessed suffered 
greater reductions in GY and TDM when there was 
water shortage at the vegetative and flowering stag-
es, indicating that they are the most critical stages of 
the corn crop when under adverse irrigation condi-
tions. 
By using the principal components analysis pa-
rameters can be discarded that contribute little to 
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Figure 6 - Graphic dispersion of four corn hybrids submit-
ted to drought at the vegetative (A), flowering (B) and grain 
swelling (C) stages, considering the principal components 
analysis (CP1 and CP2) reference to eight physiological 
traits. WD-water deficit.
the differentiation of the hybrids assessed or that are 
redundant because they are highly correlated with 
other characteristics, so that the analysis of the data 
is more objective (Cruz and Regazzi, 1994). 
At the vegetative stage, the first two principal 
components explained, respectively, 98.2% and 
1.3% of the variability therefore accounting for 99.5 
% of the total variance which allowed the graphic 
analysis of the dispersion of these two variables in a 
bi-dimensional space (Table 1).  Two diversity groups 
were formed, the first consisting of the hybrids under 
adequate irrigation conditions and the second group 
formed by the hybrids submitted to water shortage. It 
was verified that in the group of the hybrids submit-
ted to water shortage, the SENS1 hybrid was most 
damaged regarding its physiological parameters 
assessed under stress (Figure 6A). The variables of 
greatest importance for diversity were Ai and ETR, 
because they presented a higher weighted coefficient 
in the components of greater eigenvalue. 
For the flowering phenological stage, the first two 
principal components explained, respectively, 60.0% 
and 25.0% of the variability therefore accounting for 
85.1% of the total variance (Table 1). Three groups 
were formed, the first by the hybrids submitted to 
water shortage, TOL1 WD, TOL2 WD, and SENS1 
WD. The second group consisted of the same hy-
brids under adequate irrigation whilst the SENS2 WD 
hybrid performed differently from the other hybrids 
when submitted to the same stress conditions and 
was separated into a third diversity group (Figure 6B). 
The variables of greatest importance for separating 
the hybrids were Ai and Ψw. (Table 1).
Table 1 - Estimates of variance of the components associated to the principal components, relative accumulated importance 
(root %), and importance of the eigenvectors characteristics regarding the eight physiological traits assessed in four corn 
genotypes submitted to drought in three phenological stages of the crop.    
Components Variance Root (%) % Accumulated Importance of the characteristics
Vegetative
PC1 2,108.972 98.21 98.21 Ai
PC2 131.587 1.31 99.52 ETR
PC3 13.279 0.34 99.86 gs
PC4 0.125 0.08 99.94 ETR
PC5 0.005 0.06 100 qP
Flowering
PC1 1,811.394 60.05 60.05 Ai
PC2 68.180 25.03 85.08 Ψw
PC3 45.294 10.97 96.05 ETR
PC4 0.189 2.08 98.13 Ei
PC5 0.004 1.87 100 gs
Grain swelling
PC1 557.203 91.48 91.48 Ai
PC2 51.431 7.04 98.52 qP
PC3 10.513 0.66 99.18 ETR
PC4 0.049 0.51 99.69 qP
PC5 0.005 0.41 100 ETR
Ai: integrated photosynthesis, Ei: integrated transpiration, stomata conductance (gs), photochemical dissipation coefficient 
(qP), non-photochemical dissipation coefficient (NPQ), potential quantum efficiency of the PSII (Fv/Fm), apparent electron 
transport rate (ETR) and leaf water potential (Ψw).
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disponível no solo. Revista Brasileira de Agrome-
teorologia 10(2): 229-235
Bergonci JI, Bergamaschi H, Berlato MA, Santos OS, 
2000. Potencial da água na folha como um indica-
dor de déficit hídrico em milho. Pesquisa Agro-
pecuária Brasileira 35: 1531-1540
Cruz CD, 2007. Programa Genes: Aplicativo Com-
putacional em Genética e Estatística. Universi-
dade Federal de Viçosa, Viçosa-MG.
Cruz CD, Regazzi AJ, 1994. Modelos biométricos 
aplicados ao melhoramento genético. Viçosa MG 
ed, UFV
Demmig B, Björkman O, 1987. Comparison of the ef-
fect of excessive light on chlorophyll fluorescence 
(77 K) and photon yield of O2 evolution in leaves 
of higher plants. Planta 171: 171-184
Glynn P, Fraser C, Gillian A, 2003. Foliar salt toler-
ance of acer genotypes using chlorophyll fluores-
cence. Journal of Arboriculture 29: 61-65
Ghannoum O, Conroy JP, Driscoll SP, Paul MJ, Foyer 
CH, Lawlor, DW 2003. Nonstomatal limitations 
are responsible for drought-induced photosyn-
thetic inhibition in four C4 grasses. New Phytolo-
gist 159: 599-608
Juneau P, Green BR, Harrison PJ, 2005. Simulation 
of Pulse-Amplitude-Modulated (PAM) fluores-
cence: Limitations of some PAM-parameters in 
studying environmental stress effects. Photosyn-
thetica 43: 75-83
Larcher W, 2004. Ecofiosiologia vegetal. São Carlos: 
Rima
Passioura J, 2007. The drought environment: physi-
cal, biological and agricultural perspectives. Jour-
nal of Experimental Botany 58(2): 113–117
Pita P, Cañas I, Soria F, Ruiz F, Toval G, 2005. Use of 
physiological traits in tree breeding for improved 
yield in drought-prone environments. The case 
of Eucalyptus globulus. Investigacion Agrarária: 
Sistemas Y Recursos Forestalis 14: 383-393
Pimentel C, 2004. A relação da planta com a água. 
Seropédica: UFRuralRJ
Rohacek K, 2002. Chlorophyll fluorescence parame-
ters: the definitions, photosynthetic meaning and 
mutual relationships. Photosynthetica 40: 13-29
Sanchez-Diaz MF, Kramer PJ, 1971. Behavior of corn 
and sorghum under water stress and during re-
covery. Plant Physiol 48: 613-616
Silva, M De A, Jifon JL, Da Silva JAG, Sharma V, 2007. 
Use of physiological parameters as fast tools to 
screen for drought tolerance in sugarcane. Brazil-
ian Journal of Plant Physiology 19: 193-201
Shiri M, Choukan R, Aliyev RT, 2010. Drought tol-
erance evaluation of corn hybrids using biplot 
method. Trends in Applied ciences Research 2: 
129-137
Souza TC, Magalhães PC, Pereira FJ, Castro EM, 
Parentoni SN, 2011. Morpho-physiology and corn 
grain yield under periodic soil flooding in succes-
sive selection cycles. Acta Physiol Plant 33: 1877-
At the grain swelling stage, the first two princi-
pal components explained, respectively, 91.5% and 
7.0% of the variability therefore accounting for over 
98.5% of the total variance (Table 1). The hybrids sub-
mitted to water shortage and those under adequate 
irrigation conditions remained in the same diversity 
group, except for TOL2 WD that under stress condi-
tions no longer presented tissue suitable for physi-
ological analysis at 42 days after suspending irriga-
tion (Figure 6C). The variables of greatest importance, 
that present most of the total variation available, were 
Ai and qP. 
Conclusions
Generally, periods of water shortage at the three 
phenological stages of the corn crop reduced the leaf 
water potential (Ψw), stomata conductance (gs), pho-
tosynthesis (Ai), transpiration (Ei), PSII potential quan-
tum efficiency (Fv/Fm), apparent electron transport 
rate (ETR), photochemical dissipation coefficient (qP) 
and increased the non-photochemical dissipation co-
efficient (NPQ), especially when there was drought at 
the vegetative and flowering stages.
The productivity data showed that the TOL1 hy-
brid was outstanding for drought tolerance in all the 
phenological stages of the crop, while the SENS1 
hybrid showed the greatest sensitivity to water short-
age, proving the tolerance and sensitivity pattern of 
these respective hybrids for drought.
The results of the principal components analy-
sis showed that it was possible to separate the corn 
hybrids into diversity groups for irrigation treatment 
used at the vegetative stage, that indicated that the 
SENS1 hybrid was the most damaged regarding its 
physiological parameters under stress, and inte-
grated photosynthesis (Ai) was considered the best 
characteristic to discriminate the irrigation treatments 
used in the present study.
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